Ostrinia ovalipennis has been recorded only in Shigakogen, a highland area in Honshu. Here, we report the occurrence of the species in Hokkaido. Since Ostrinia latipennis, a close relative of O. ovalipennis, is distributed widely in northeastern Japan, these two species occur sympatrically at some localities. The two species can be diagnosed based on the wing morphology. Another diagnostic character useful for distinguishing the Shigakogen population of O. ovalipennis from O. latipennis, i.e., the sacculus length (SL) of male genitalia, could not distinguish some individuals of the Hokkaido population of O. ovalipennis from O. latipennis. To revise the species diagnosis of the two species in terms of male morphometric traits, and to compare the degree of geographic differentiation in morphology between the two species, we analyzed 10 morphological traits. A linear discriminant analysis showed that O. ovalipennis could be distinguished from O. latipennis by a combination of two traits, SL and mid femur length. Morphological differentiation was greater between the Shigakogen and Hokkaido populations of O. ovalipennis than between the same local populations of O. latipennis. We suggest that the difference in the degree of geographic differentiation between the two species has been caused by the difference in their distribution patterns.
INTRODUCTION
The genus Ostrinia Hübner (Crambidae: Pyraustinae) includes several agricultural pests such as the European corn borer, O. nubilalis (Hübner) , and the Asian corn borer, O. furnacalis (Guenée). Among known Ostrinia species, one recently described species, O. ovalipennis Ohno, is peculiar in that it has been recorded only in Shigakogen, a highland (alt. 1,600 m) area in NaganoPref., central Honshu, Japan (Ohno, 2003a) . O. latipennis (Warren), the species most similar to O. ovalipennis in morphology (Ohno, 2003a) , is distributed in northern Far East Asia including Japan (Mutuura and Munroe, 1970) . In Japan, O. latipennis is widely distributed from Hokkaido in the north to central Honshu in the south, and in several small islands around the two main islands (Ohno, 1998 (Ohno, , 1999 (Ohno, , 2001 . O. ovalipennis and O. latipennis occur sympatrically in Shigakogen (Ohno, 2003a) . In Shigakogen, the larvae of O. ovalipennis feed on the giant knotweed, Reynoutria sachalinensis (F. Schmidt) Nakai (Polygonaceae) (Ohno, 2003a) , one of the host plants of O. latipennis (Ohno, 2000) . The two species differ in several wing and male-genital characters, among which the shape of the postmedial line of the forewing and the length of the sacculus of male genitalia are the most useful diagnostics for species identification (Ohno, 2003a) .
Recently, we found several specimens that were identifiable as O. ovalipennis based on wing morphology in Hokkaido, northern Japan, approximately 1,000 km from Shigakogen. Until now, however, it has remained unknown whether the Hokkaido population of O. ovalipennis could also be distinguished from O. latipennis based on the sacculus length. Assuming the distribution of O. ovalipennis to be fragmentary, the difference in distribution patterns between O. ovalipennis and O. latipennis may affect the degree of geographic differentiation within the two species.
The first aim of the present study was to report the occurrence of O. ovalipennis in Hokkaido. The second was to revise the species diagnosis of O. ovalipennis based on multivariate analyses on several morphometric traits including sacculus length. Thirdly, we compared O. ovalipennis and O. latipennis in terms of the degree of geographic differentiation in morphometric traits.
MATERIALS AND METHODS
Nineteen specimens of O. ovalipennis were collected from four localities in Hokkaido, and these were combined as one group unless otherwise stated (see Results and Discussion for collection data). For O. ovalipennis, 13 males among the 19 specimens from Hokkaido and 12 males from Shigakogen, Nagano-Pref., were subjected to morphological measurements. The 12 males from Shigakogen were among the paratype specimens used for species description by Ohno (2003a) . For O. latipennis, 385 males were collected at 15 localities representing the whole distribution range in Japan (Fig. 1) . From each of the 15 localities, more than 10 samples of O. latipennis were obtained. Species was determined based on wing morphology (see Ohno, 2003a for species diagnosis in wings).
Six non-genital traits (lengths of forewing, hindwing, fore femur, fore tibia, mid femur and mid tibia) and four genital traits (valva length, sacculus length, clasper width and aedeagus length) were measured for a total of 410 specimens (Fig. 2) . The two wing traits were measured using graph paper, while measurements for the remaining traits were made with an ocular micrometer set on a binocular microscope (see Ohno, 1998 for details). The four genital measurements from the 12 males of O. ovalipennis from Shigakogen, and the 10 measure-530 S. OHNO et al. Solid circles show the sites where O. latipennis alone was collected. 1, Kamiyuchi, Wakkanai, Hokkaido; 2, Kabukai, Rebun-Town, Rebun Is.; 3, Kutsugata, Rishiri-Town, Rishiri Is.; 4, Otoineppu, Otoineppu-Vil., Hokkaido; 5, Moshiri, Horokanai-Town, Hokkaido; 6, Notoro, Abashiri-City, Hokkaido; 7, Onenai, Niki-Town, Hokkaido; 8, Jozankei and Hoheikyo, Sapporo-City, Hokkaido; 9, Senjozaka, OkushiriTown, Okushiri Is.; 10, Sengen, Fukushima-Town, Hokkaido; 11, Isomatsu, Shiura-Vil., Aomori-Pref.; 12, Mizusawa-onsen, Tazawako-Town, Akita-Pref.; 13, Akiu-onsen, Sendai-City, Miyagi-Pref.; 14, Hatano-Town and Mano-Town, Sado Is.; 15, Hayadegawa R., Gosen-City, Niigata-Pref.; 16, Kurobegawa R., Unazuki-Town, Toyama-Pref.; 17, Ishinoyu, YamanouchiTown, Shigakogen, Nagano-Pref. Males of O. latipennis used for morphometric analyses were collected from all the localities except Horokanai and Niki. ments from the 385 males of O. latipennis were also used in Ohno (2003a Ohno ( , 2004 .
The 10 morphological traits were analyzed by principal component analysis based on a correlation matrix and by linear discriminant analysis based on a pooled within-group covariance matrix. In the discriminant analysis, local populations of a species were combined into single groups.
For each species, within-species morphological differentiation between the Shigakogen and Hokkaido populations was assessed by linear discriminant analysis and univariate t-tests on the 10 morphological traits. In these analyses, samples from different localities within Hokkaido were combined into single groups. For the discriminant analysis on O. ovalipennis, the 25 specimens (13 from Hokkaido and 12 from Shigakogen) were used. For the discriminant analysis on O. latipennis, individuals from Hokkaido (Nϭ124) and Shigakogen (Nϭ29) were selected from the 385 specimens. Samples used in the t-tests on the six non-genital traits were the same as those used in the discriminant analyses (Nϭ25 for O. ovalipennis, Nϭ153 for O. latipennis), while t-tests on the four genital traits involved an additional 127 specimens. The 127 specimens included 10 from O. ovalipennis collected in Shigakogen (nine other paratypes and the holotype), and, 110 and seven from O. latipennis collected in Hokkaido and Shigakogen, respectively. The genital traits of the 127 specimens were measured by Ohno (2003a) . In multiple t-tests for each species, the group-wise significance level was adjusted to 5% using the sequential Bonferroni method (Rice, 1989) .
All statistical analyses were conducted using SPSS 9.0J for windows (SPSS Inc., 1999) .
RESULTS AND DISCUSSION

Occurrence of O. ovalipennis in Hokkaido
The collection data for O. ovalipennis from Hokkaido were as follows: Moshiri, HorokanaiTown (44°22ЈN, 142°17ЈE; alt. 330 m), 17-19. vii. 1995 (Jozankei, 21. vi. 1999, 16?32/; Hoheikyo, 5-7. vii. 2000, 4?8/) , indicating that the emergence periods of these two species overlap, as in Shigakogen (Ohno, 2003a) . The sympatric occurrence of O. latipennis and O. ovalipennis was also recognized at Horokanai and Niki (collection data omitted).
To date, O. ovalipennis has been found only in Shigakogen (alt. 1,600 m; Ohno, 2003a) and four localities in Hokkaido (alt. 170-500 m; present study). On the other hand, O. latipennis is widely distributed from lowlands to highlands in the northeast Japan (alt. 0-1,600 m): S.O. has collected this species at many sites, mainly in lowland areas (Ohno, 2003b) . O. ovalipennis has never been found in the lowlands of Honshu where adults of O. latipennis were collected (Ohno, 2003b) , despite the fact that adults of the two species emerge synchronously at the sites where these species cooccur (Ohno, 2003a; present study) . Thus, it is likely that the distribution of O. ovalipennis in Honshu is limited to highlands. It is possible that O. ovalipennis occurs in uninvestigated highland areas in the Kanto and Tohoku districts (northern Honshu), which need to be extensively surveyed in the future. Several lepidopteran species are known to be distributed separately on Hokkaido and the highlands in Honshu (Inoue et al., 1959) . These species are suggested to be relicts whose distributions have become restricted to highlands due to the global warming following the expansion of the species during the last glacial period (e.g., Hiura, 1973) . It is possible that O. ovalipennis is such a relic species.
Morphometric analyses for species identification
The sacculus length of O. ovalipennis from Hokkaido (range 1.34-1.46 mm) was significantly smaller than that of the same species from Shigakogen (range 1.44-1.60 mm) ( Fig. 3 . The two species do not overlap in the scatter plot, demonstrating a clear differentiation of the two in morphometric traits. To confirm that the two species can be distinguished using the 10 traits, we performed a linear discriminant analysis. The analysis correctly classified all of the 410 individuals to the respective species. The standardized coefficients for respective traits in the discriminant function were as follows: forewing length, 0.074; hindwing length, Ϫ0.022; fore femur length, Ϫ0.023; fore tibia length, 0.145; mid femur length, Ϫ0.872; mid tibia length, 0.171; valva length, Ϫ0.084; sacculus length, 1.011; clasper width, 0.377; aedeagus length, Ϫ0.053. Mid femur length and sacculus length showed particularly high absolute values for the coefficient with opposite sign, suggesting that O. ovalipennis and O. latipennis differ in the relative value of these two traits. In fact, the linear discriminant analysis based solely on these two traits also correctly classified all of the 410 individuals into their own species. The linear discriminant function based on the two traits with their unstandardized coefficients is Thus, based on mid femur length and sacculus length, we provided a method to distinguish male adults of O. ovalipennis from those of O. latipennis, irrespective of their collection localities. For O. ovalipennis and O. latipennis, the identification of specimens based on wing markings is difficult when scales are lost from a considerable portion of the wings. In such a case, discriminant analysis of these two morphological traits is useful for the identification of male specimens. At present, it is unclear whether female adults of O. ovalipennis and O. latipennis are distinguishable in terms of morphometric traits. Multivariate morphometric methods as used in the present study may be helpful for exploring morphological differences between females of the two species.
Morphometric analyses on geographic variation
In the principal component analysis (Fig. 3) , O. ovalipennis from Hokkaido and from Shigakogen formed distinct clusters without any overlap, while O. latipennis from Hokkaido and from Shigakogen markedly overlapped. To explore this betweenspecies contrast in the degree of geographic differentiation, linear discriminant analyses based on the 532 S. OHNO et al. 10 traits were applied to the two geographic groups (Hokkaido and Shigakogen) of each species. The discriminant analysis on O. ovalipennis correctly classified all of the 25 individuals to their respective geographic groups, while the analysis on O. latipennis misidentified 45 of the 153 individuals (29.4%).
To examine which trait shows significant differentiation between Hokkaido and Shigakogen within the respective species of O. ovalipennis and O. latipennis, we performed a t-test for each of the 10 traits. In O. ovalipennis, three non-genital and four genital traits were significantly differentiated between the two geographic groups (Table 1) . In this species, the absolute t values for genital traits were significantly larger than those for non-genital traits pϽ0.05) , indicating greater geographic variation in genital than nongenital traits. The aedeagus length of O. ovalipennis showed the most conspicuous differentiation: the values for the Hokkaido and Shigakogen populations were separated at around 1.34 mm, and the t value for this trait was highest among the 10 traits (Table 1 ). In O. latipennis, on the other hand, significant differentiation between the Hokkaido and Shigakogen populations was observed only in three non-genital traits (Table 2) . Even in these three traits, there was extensive overlapping between the Hokkaido and Shigakogen populations (Table 2) .
In O. ovalipennis, conspicuous morphological differentiations between the Hokkaido and Shigakogen populations were revealed by both multivariate and univariate analyses, suggesting genetic differentiation between the two populations. Considering the clear-cut difference observed in aedeagus length, O. ovalipennis from Hokkadio may be treated as an independent subspecies in the future. However, it would be prudent to await further analyses on additional samples for subspecies classification. In O. latipennis, on the other hand, morphological differentiation between the Hokkaido and Shigakogen populations was obscure in both multivariate and univariate analyses. The present findings indicate that the degree of morphological differentiation between the Hokkaido and Shigakogen populations is greater in O. ovalipennis than in O. latipennis. It is possible that the difference in the degree of geographic differentiation between the two species is related to the difference in their distribution patterns. The supposed discontinuous distribution of O. ovalipennis (described above) may have restricted gene flow among local populations, leading to the large geographic differentiation in morphology. On the other hand, since O. latipennis appears to be continuously distributed throughout a wide area in northeastern Japan Fig. 1 ) were combined into a single group. b Group means were compared for each trait using the t-test. * Significant at the 5% level with the sequential Bonferroni correction method for multiple tests (Rice, 1989) . (Ohno, 2003b) , morphological differentiation may have been hindered by extensive gene flow among local populations. The degree of geographical differentiation in O. ovalipennis was greater in genital traits than in non-genital traits (Table 1) . There is increasing evidence to show that the morphology of male genitalia in insects including Lepidoptera was diversified through sexual selection by female choice (e.g., Eberhard, 1985 Eberhard, , 1996 Arnqvist, 1998) . It is possible that sexual selection by females has accelerated population differentiation in the male genital morphology of O. ovalipennis following the geographical isolation of populations. Whether female preference on male genital morphology in O. ovalipennis differs between the Hokkaido and Shigakogen populations is of great interest, but remains to be experimentally examined. 
